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S W R Y  
An ongoing NASA r e sea rch  and  t echno logy  p rogram p rov ides  fo r  t he  deve lop -  
ment of l o w  a n d  u l t r a - l o w  t e m p e r a t u r e  c r y o g e n i c  c o o l e r  s y s t e m s  f o r  f u t u r e  s p a c e  
mis s ions .   These   i nc lude   mechan ica l ,   so l id   c ryogen ,   gas   adso rp t ion ,   supe r f lu id  
he l ium,   he l ium-3 ,   and   magnet ic   (ad iaba t ic   demagnet iza t ion)   coolers .  
O p e r a t i n g  l i f e t i m e s  r e q u i r e d  v a r y  f r o m  a few  weeks f o r  a S h u t t l e / S p a c e l a b  
m i s s i o n  t o  as l o n g  as n i n e  y e a r s  f o r  m i s s i o n s  t o  t h e  o u t e r  p l a n e t s .  Tempera- 
t u r e  r e q u i r e m e n t s  v a r y  f r o m  t e n s  , t o  t e n t h s  o f  k e l v i n .  A t  t he   h ighe r   t empera -  
t u r e ,  c o o l i n g  l o a d s  f o r  d e t e c t o r s ,  i n s t r u m e n t s  a n d  a s s o c i a t e d  s h i e l d s  may b e  as 
h i g h  as 1 5   w a t t s .  A t  t h e   u l t r a - l o w   t e m p e r a t u r e s ,   c o o l i n g   l o a d s   m u s t   b e   l i m i t e d  
t o  t e n s  of   microwatts .  A l l  sy s t ems   mus t   su rv ive   l aunch   l oads   and   t hen   func t ion  
i n  t h e  z e r o  g r a v i t y  e n v i r o n m e n t  o f  s p a c e .  
The  r equ i r emen t s  o f  l ong- l i f e t ime ,  ze ro -g  ope ra t ion  and  a v a r i e t y  of 
t empera tu res   and   coo l ing   l oads   p re sen t   complex   t echno log ica l   p rob lems .  Much 
p r o g r e s s  i s  be ing  made i n  s o l v i n g  t h e s e  p r o b l e m s .  
A l a r g e  number  of p r o j e c t e d  NASA m i s s i o n s  w i l l  u t i l i z e  i n s t r u m e n t s  t h a t  
r e q u i r e   t h e   c r y o g e n i c   c o o l e r s .   T h e s e   i n c l u d e   e a r t h   r e s o u r c e s ,   h i g h   e n e r g y  
a s t r o n o m y ,   i n f r a r e d   a s t r o n o m y ,   a n d   g r a v i t a t i o n a l   p h y s i c s .  
INTRODUCTION 
The u t i l i z a t i o n  a n d  a p p l i c a t i o n  o f  l o w  a n d  u l t r a - l o w  t e m p e r a t u r e  d e v i c e s  
and   sys tems  have   been   increas ing  a t  a r ap id   pace .   Th i s  i s  t r u e  b o t h  f o r  NASA 
and DOD s p a c e  f l i g h t  p r o g r a m s  as w e l l  as many r e s e a r c h  l a b o r a t o r i e s  o u t s i d e  of 
NASA. P l a n n i n g  f o r  f u t u r e  NASA m i s s i o n s  i n  t h e  n e x t  d e c a d e  i n d i c a t e s  
i n c r e a s i n g  u s e  of low and  u l t ra - low tempera ture  sensors  and  ins t ruments .  
Although some types of  coolers  have been f lown on a f e w  m i s s i o n s  t o  d a t e ,  
n o n e  o f  t h e  c o o l e r s  c a n  o p e r a t e  f o r  t h e  d e s i r e d  l i f e t i m e  i n  z e r o - g  a n d  a t  t h e  
ex t r eme ly   l ow  t empera tu res   r equ i r ed   i n  some cases. F o r   t h i s   r e a s o n ,  NASA is 
conduct ing  a broad-range  cooler   Research  and  Technology (RhT) program.  This  
w i l l  a s s u r e  t h a t  t h e  r e q u i r e d  t e c h n o l o g y  w i l l  b e  avai lable  i n  t i m e  t o  s u p p o r t  
f u t u r e  m i s s i o n s .  
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T h e   o b j e c t i v e s   o f   t h i s   p a p e r  a re  t o :  (1) a c q u a i n t  t h e  r e a d e r  w i t h  t h e  
p r e s e n t  c o o l e r  p r o g r a m  m a n a g e d  b y  t h e  O f f i c e  of Aeronautics and Space Techno- 
logy  In fo rma t ion  Sys t ems  Of f i ce ,  and  (2)  d e s c r i b e  c h a n g e s  i n  p r o g r a m  t h r u s t  
f r o m   t h a t   d i s c u s s e d  i n  p rev ious   pape r s   (Re f .  1 and 2 ) .  T h e  n e x t  s e c t i o n  w i l l  
d i s c u s s  t h e  g e n e r a l  r e q u i r e m e n t s  f o r  l o w  a n d  u l t r a - l o w  t e m p e r a t u r e  a n d  t e c h n i -  
q u e s  t h a t  c a n  b e  e m p l o y e d  t o  a c h i e v e  t h e s e  t e m p e r a t u r e s  a t  e x p e c t e d  h e a t  l o a d s .  
T h i s  p a r t  o f  t h e  p a p e r  w i l l  be fo l lowed  wi th  a d i s c u s s i o n  o f  t h e  NASA C e n t e r s  
i n v o l v e d  i n  t h e  R&T e f f o r t s  a n d  t h e  t y p e  of cooler  sys tems on  which  they  a re  
f o c u s i n g  t h e i r  e f f o r t .  A b r i e f  d e s c r i p t i o n  a n d  t h r u s t  o f  R&T e f f o r t  w i l l  t h e n  
b e  g i v e n  of each  coo le r  t ype .  
COOLING REQUIREMENTS 
T h e  e x p e c t e d  h e a t  l o a d s  t h a t  t h e  c o o l e r s  m u s t  b e  c a p a b l e  o f  h a n d l i n g  are  
l i s t e d  i n  T a b l e  I. It s h o u l d   b e   n o t e d   t h a t   t h e   h e a t   l o a d s   m u s t   b e   k e p t  
ex t remely  small ( m i c r o w a t t s )   f o r   o p e r a t i o n  a t  t h e   u l t r a - l o w   t e m p e r a t u r e s .  A 
c o m p a r i s o n  o f  t h e  d a t a  i n  T a b l e s  I and I1 a l l o w s  o n e  t o  d e t e r m i n e  t h e  t y p e  o f  
c o o l e r  m o s t  l i k e l y  t o  b e  u s e d  f o r  a p a r t i c u l a r  m i s s i o n  c a t e g o r y .  E a r t h  o b s e r -  
v a t i o n  m i s s i o n s  w i t h  i n s t r u m e n t s  u s i n g  a r r a y s  o f  I R  s e n s o r s  l o o k i n g  a t  t h e  
e a r t h  w i l l  r e q u i r e  m e c h a n i c a l  c o o l e r s  w h i c h  c a n  s u p p l y  a few watts c o o l i n g  
capac i ty   and   t empera tu res   o f  a f e w   t e n s   o f   k e l v i n .   I n f r a r e d   a s t r o n o m y   m i s s i o n s  
such  as IRAS ( I n f r a r e d  A s t r o n o m y  S a t e l l i t e )  w i l l  u se  supe r f lu id  he l ium which  
c a n  p r o v i d e  t e m p e r a t u r e s  down t o  1 . 5 K  w i t h  t e n s  t o  a few hundred mill iwatts 
c o o l i n g   l o a d s .   I n f r a r e d   b o l o m e t e r s  may b e  r e q u i r e d  t o  b e  c o o l e d  t o  0.3K u s i n g  
a h e l i u m - 3   c o o l e r   t o   o b t a i n   d a t a  a t  l o n g e r   w a v e l e n g t h s .   F o r   i n s t a n c e ,   t h e  
s e n s i t i v i t y  o f  a b o l o m e t e r  c o n t i n u e s  t o  i n c r e a s e  as  i t s  o p e r a t i n g  t e m p e r a t u r e  
i s  l o w e r e d .   I n   t h e   l o n g e r  term, r e l a t i v i t y  o r  g r a v i t a t i o n a l  p h y s i c s  m i s s i o n s ,  
which w i l l  a t t e m p t  t o  d e t e r m i n e  t h e  e x i s t e n c e  of g r a v i t a t i o n a l  w a v e s ,  may 
r e q u i r e   t e m p e r a t u r e s   o f  a f ew  mi l l i ke lv in .   These   l ow  t empera tu res   can   on ly   be  
a c h i e v e d  w i t h  a n  a d i a b a t i c  d e m a g n e t i z a t i o n  r e f r i g e r a t o r .  I n  a d d i t i o n  t o  
m i s s i o n  r e q u i r e m e n t s ,  s p e c i a l  c o o l e r s  w i l l  b e  r e q u i r e d  t o  c o o l  exper imenta l  
f a c i l i t i e s  t o . p e r f o r m  v a r i o u s  b a s i c  s c i e n c e  e x p e r i m e n t s  i n  s p a c e .  One o f   t h e  
p re sen t ly  approved  Space lab  expe r imen t s  w i l l  measure  fundamenta l  p roper t ies  of  
s u p e r f l u i d   h e l i u m  (He 11)   under   zero-g  condi t ions.   These a re  measurements  on 
a "quantum f lu id"  which  can  only  be  per formed under  zero-g  condi t ions .  
Tables  I and I1 c l e a r l y  show t h a t  d i f f e r e n t  t y p e s  o f  c o o l e r s  m u s t  b e  a v a i l a b l e  
i n  o r d e r  t o  meet t h e  v a r y i n g  r e q u i r e m e n t s  ( t e m p e r a t u r e ,  h e a t  l o a d / o p e r a t i n g  
l i f e t i m e )  p l a c e d  o n  t h e  c o o l e r  b y  d i f f e r e n t  m i s s i o n s .  
PROGRAM MANAGEMENT STRUCTURE 
Because o f  t h e  d i v e r s i t y  o f  t h e  c r y o g e n i c  c o o l e r  p r o g r a m ,  t h r e e  NASA 
C e n t e r s  are  i n v o l v e d   i n   p e r f o r m i n g   t h e   R e s e a r c h   a n d   T e c h n o l o g y   e f f o r t s .   T h e  
major areas of e f f o r t  by  Centers  are  as f o l l o w s :  
Goddard  Space  Fl ight   Center  (GSFC) 
o Long-Lifetime  Mechanical  Coolers 
o Sol id   Cryogen  Coolers  
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Ames Research Center  (ARC) 
o Helium-3  Coolers 
o Ad iaba t i c   Demagne t i za t ion   Coo le r s  
o Long-Li fe   Super f lu id   Hel ium  Cryos ta t s  
Jet  Propuls ion  Labora tory  ( JPL)  
o Radiant   Coolers  
o Adsorp t ion   Coolers  
o Magnet ic   Coolers  
o Spacelab  Experiment - Measure Basic P r o p e r t i e s  o f  S u p e r f l u i d  
Helium i n  Zero-g 
The cooler  program i s  managed by t h e  NASA Headquarters  Off ice  of  Aero-  
naut ics   and   Space   Technology (OAST). Coordina t ion  is m a i n t a i n e d   w i t h   t h e  NASA 
Headquar t e r s  p rogram o f f i ces ,  wh ich  w i l l  b e  t h e  e v e n t u a l  u s e r s  of t h e  new 
t e c h n o l o g y .   T h i s   i n c l u d e s   t h e   O f f i c e   o f   S p a c e   S c i e n c e  (OSS) a n d   t h e   O f f i c e   o f  
Space  and Ter res t r ia l  A p p l i c a t i o n s  (OSTA). The c o o l e r   p r o g r a m   a c t i v i t y  is a l s o  
r ev iewed  in  coord ina t ion  mee t ings  wi th  DOD. 
CRYOGENIC COOLER TYPES 
Radiant  Coolers  
R a d i a n t  c o o l e r s  a c h i e v e  c r y o g e n i c  t e m p e r a t u r e s  b y  r a d i a t i n g  t h e  i n s t r u m e n t  
l o a d s   t o   c o l d   s p a c e .   T y p i c a l   o p e r a t i n g   t e m p e r a t u r e s   f o r   p r e s e n t   r a d i a n t  
c o o l e r s  a re  about  lOOK w i t h  a c a p a c i t y  o n  t h e  o r d e r  o f  30 mW a n d  t h e  s e n s o r  
h e a t  d i s s i p a t i o n  b u t  a f r a c t i o n  of  t h e  t o t a l .  A d e t a i l e d  d i s c u s s i o n  of t h e  
d e s i g n  o f  r a d i a n t  c o o l e r s  i s  g i v e n  i n  r e f e r e n c e  3 .  A r e c e n t  a d d i t i o n  t o  t h e  
c o o l e r  R&T program i s  a n  e f f o r t  by J P L  to  improve  the  pe r fo rmance  o f  r ad ian t  
c o o l e r s .  
The JPL concept  consis ts  of  a r a d i a t o r  p l a t e  s u r r o u n d e d  b y  f i x e d  r a d i a t i o n  
s h i e l d s .  C o n d u c t i o n  h e a t  l o a d s  t o  t h e  r a d i a t o r  p l a t e  a re  reduced   by   the   use   o f  
f i b e r g l a s s  t a p e  s u p p o r t s  w i t h  a small c r o s s - s e c t i o n a l  area t h a t  a re  capable  of  
s u p p o r t i n g  t h e  p l a t e  i n  a lg   env i ronmen t ,   bu t   no t   du r ing   l aunch .  A caging  and 
release mechanism is t h e n   e m p l o y e d   f o r   t h e   p l a t e .   T h e   c o n c e p t   c o u l d   r e s u l t   i n  
much l a r g e r  r a d i a n t  c o o l e r s  i n  f u t u r e  m i s s i o n s  w i t h  g r e a t e r  h e a t  r e j e c t i o n  
c a p a c i t y .  
The r a d i a n t  o r  p a s s i v e  c o o l e r  e f f o r t  a t  JPL is p a r t  o f  a n  o v e r a l l  JPL p l a n  
t o  employ a combinat ion of m a g n e t i c  a n d  g a s  a d s o r p t i o n  c o o l e r  s t a g e s  t o  pump 
h e a t  f r o m  t h e  d e s i r e d  l o w  o r  u l t r a - l o w  t e m p e r a t u r e  t o  a s u f f i c i e n t l y  h i g h  
tempera ture  where  it c o u l d  b e  r a d i a t e d  t o  s p a c e  w i t h  a r ad ian t  coo le r .  Wi th  no  
e x p e n d a b l e s ,  t h e  s y s t e m  o p e r a t i n g  l i f e  i s  d e t e r m i n e d  o n l y  b y  t h e  r e l i a b i l i t y  o f  
t h e  m a g n e t i c  a n d  g a s  a d s o r p t i o n  c o o l e r  s t a g e s .  W i t h  t h e  J P L  i n t e r e s t  i n  6 t o  9 
m i s i o n s  t o  t h e  o u t e r  p l a n e t s ,  t h i s  c o n c e p t  h a s  many d e s i r a b l e  f e a t u r e s .  
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Sol id  Cryogen Coolers  
S o l i d  c r y o g e n  c o o l e r s  u t i l i z e  t h e  h e a t  o f  s u b l i m a t i o n  o f  c r y o g e n s  t o  p r o -  
v i d e  t h e  c o o l i n g .  To d a t e ,   t e m p e r a t u r e s  down t o  15K, u s i n g   s o l i d   n e o n ,  are 
c o n s i d e r e d  p r a c t i c a l .  A d e t a i l e d  d i s c u s s i o n  o f  t h e  o p e r a t i o n  o f  s o l i d  c r y o g e n  
c o o l e r s  i s  i n  r e f e r e n c e  4 .  
The s p e c i f i c  o b j e c t i v e s  o f  t h e  s o l i d  c r y o g e n  c o o l e r  R e s e a r c h  a n d  T e c h n o -  
logy (R&T) programs  being  conducted  by  Goddard  Space  Fl ight   Center  (GSFC) are  
capac i ty  enhancemen t  to  3 wat t -yea r s  and  ex tens ion  o f  t he  usab le  t empera tu re  
r a n g e  down t o  8 K u s ing   so l id   hydrogen .  To d a t e ,  t h e  e m p h a s i s  h a s  b e e n  p l a c e d  
upon t h e  l a t t e r  o b j e c t i v e .  
For many m i s s i o n s ,  s o l i d  c r y o g e n  c o o l e r s  h a v e  t h e  a d v a n t a g e s  o f  r e l a t i v e l y  
s imple  des ign  and  e l imina t ion  o f  ze ro -g  f lu id  managemen t  cons ide ra t ions .  
E x t e n d i n g  t h e  c o o l i n g  c a p a c i t y  t o  3 wat t -yea r s  o r  more  w i l l  a l l o w  f o r  a wide 
r a n g e   o f   u s e s ,   i n c l u d i n g   o p e r a t i o n a l   m i s s i o n s .   E x t e n d i n g   t h e   t e m p e r a t u r e   r a n g e  
t o  8 K may a l l o w  f o r  t h e  c o o l i n g  o f  i n f r a r e d  d e t e c t o r s  f o r  e a r t h  r e s o u r c e s  
s a t e l l i t e  miss ions  by  a s impler  and more compact  cooler  a s  compared t o  a hel ium 
c o o l e r .   T h i s   c o u l d   r e s u l t   i n   l o w e r   s y s t e m   c o s t s .  
Temperatures of 8 K t o  13 K s h o u l d  b e  a b l e  t o  b e  a c h i e v e d  w i t h  s o l i d  h y d r o -  
gen.  The  subliming  hydrogen i s  exposed t o  t h e  vacuum  of s p a c e  i n  o r d e r  t o  
a c h i e v e  t h i s  l ow  t empera tu re .   So l id   c ryogens   u sed   up   t o  now i n c l u d e   s o l i d   n e o n ,  
which  can  provide  tempera tures  of  13-24 K, s o l i d  n i t r o g e n  (43-63 K), s o l i d  a g r o n  
(48-83  K) , and  so l id  me thane  (60-90 K). 
A c o n t r a c t u a l  e f f o r t  is  underway wi th  Lockheed  Research  Labora tor ies  to  
p e r f o r m  f i l l ,  b o i l - o f f  a n d  v e n t  tests on a f l i g h t - t y p e  s o l i d  h y d r o g e n  c o o l e r .  
F i g u r e  1 shows a schemat ic  of t h e  t e s t  s e t u p  f o r  t h i s  e f f o r t .  T e s t i n g  of t h e  
hydrogen  cooler  w a s  s u c c e s s f u l l y  c o m p l e t e d  a n d  t h e  r e s u l t s  w i l l  soon b e  
documented. A smaller c o n t r a c t u a l   e f f o r t   w i t h   B e e c h c r a f t   C o r p o r a t i o n ,   i n  
which a l a b o r a t o r y  t y p e  c o o l e r  was f i l l e d  w i t h  l i q u i d  h y d r o g e n  a n d  t h e n  t h e  
hydrogen was f r o z e n ,  i s  a l s o  now complete.  
I n  o r d e r  t o  a c h i e v e  t h e  3 w a t t - y e a r  c o o l i n g  c a p a c i t y ,  h e a t  l e a k s  a l o n g  t h e  
t a n k  s u p p o r t s  m u s t  b e  k e p t  low by employi.ng low conduction materials and a long 
conduct ion   pa th .  To r e d u c e  t h e  r a d i a n t  i n p u t ,  many l a y e r s   o f   s u p e r   i n s u l a t i o n  
are  u t i l i z e d .  The c o o l  g a s  f r o m  s u b l i m i n g  s o l i d  c r y o g e n  c o o l s  m u l t i p l e  metal 
b a r r i e r s  t h a t  a re  p laced  be tween the  many l a y e r s  o f  s u p e r  i n s u l a t i o n .  It may b e  
n e c e s s a r y  t o  p l a c e  a l o w  t e m p e r a t u r e  c r y o g e n  s t a g e  i n s i d e  a h igher - tempera ture  
cryogen system of  sol id  ammonia o r  ca rbon  d iox ide ,  wh ich  i s  u s e d  t o  c o o l  t h e  
o u t e r   t h e r m a l   s h i e l d   o f   t h e   l o w   t e m p e r a t u r e   s y s t e m .   T h i s  i s  known as a two 
s t a g e  o r  g u a r d e d  s y s t e m .  
A s  an  example  of a f l i g h t  s o l i d  c r y o g e n  s y s t e m ,  F i g u r e  2 i s  a photograph 
of a t w o - s t a g e  c o o l e r  f o r  t h e  Limb Rad iance  Inve r s ion  Rad iomete r  t ha t  w a s  
o r b i t e d   a b o a r d  Nimbus-F. F i g u r e  3 i s  a cut-away view of   t he   two-s t age   coo le r .  
The coo le r ,  wh ich  w a s  developed by Lockheed Research Laborator ies ,  uses  methane 
as the  p r imary  c ryogen  a t  63 K and ammonia a t  152 K as the   secondary .   Wi th  
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6 . 4  k i log rams  o f  so l id  me thane  and  5.4 ki lograms of s o l i d  ammonia, a n  o p e r a t i n g  
l i f e t i m e  o f  7 months w a s  ach ieved   ( . re f .  4 ) .  T h i s  c o o l e r  a l s o  f l e w  a b o a r d  t h e  
Nimbus-G s p a c e c r a f t  w i t h  similar performance. 
Mechanical  Coolers  
Many o f  t h e  f u t u r e  NASA m i s s i o n s  r e q u i r e  l o n g - t e r m  c o o l i n g  i n  t h e  5-10 
w a t t s  load .  A 3-5 y e a r  l i f e t i m e  m e c h a n i c a l  c o o l e r  o f f e r s  a compact,  low-weight 
sys t em  fo r   accompl i sh ing  t h i s  g o a l .  It  i s  v i r t u a l l y  t h e  o n l y  p r a c t i c a l  s y s t e m  
f o r   c o v e r i n g   t h i s   r e q u i r e m e n t .   P r i m e   m i s s i o n   t y p e s   i n c l u d e   l o n g - d u r a t i o n  
gamma-ray a s t ronomy,  a tmosphe r i c  r e sea rch ,  ea r th  r e sources  and  wea the r  satel- 
l i t e s .  Many t y p e s  o f  S h u t t l e  S o r t i e  m i s s i o n s  ( 1  t o  4 weeks  durat ion)   would 
a l s o  b e n e f i t  f r o m  a r e l i a b l e  m e c h a n i c a l  c o o l e r .  
Goddard Space Fl ight  Center  i s  t h e  l e a d  C e n t e r  i n  t h e  e f f o r t s  t o  d e v e l o p  
r e l i a b l e   m e c h a n i c a l   c o o l e r s .   T h e   s p e c i f i c   o b j e c t i v e  is t o   d e v e l o p   t h e   t e c h n o -  
l o g y  f o r  a 3-5 y e a r  l i f e t i m e  c o o l e r  t h a t  w i l l  p r o v i d e  5 watts of r e f r i g e r a t i o n  
a t  65 K. A f t e r  a c h i e v i n g  t h i s  o b j e c t i v e ,  e f f o r t s  w i l l  be   concen t r a t ed   on  
e x t e n d i n g  t h i s  t e c h n o l o g y  t o  t h e  1 2  K r e g i o n .  
The bas ic  problem i s  t o  d e v e l o p  a c l o s e d  c y c l e  m a c h i n e  w i t h  m o v i n g  p a r t s  
t h a t  w i l l  r u n  r e l i a b l y  f o r  b i l l i o n s  of c y c l e s   w h i l e   u n a t t e n d e d .   P a s t   a t t e m p t s  
t o  s o l v e  t h i s  p r o b l e m  h a v e  u s e d  l i q u i d  o r  s e m i - l i q u i d  l u b r i c a n t s ,  d r y  l u b r i -  
can ts ,   and   "hard-on-hard"   bear ings   wi th  l i t t l e  o r  no l u b r i c a n t .   V a r i o u s  seal  
d e s i g n s  were a l s o  t r i e d .  To d a t e ,   t h e s e   a p p r o a c h e s   h a v e   n o t   y i e l d e d  a long- 
l i f e t i m e  s p a c e b o r n e  c o o l e r  s y s t e m .  
The new a p p r o a c h  i n i t i a t e d  by NASA Goddard  Space  F l ight  Center  hopefu l ly  
e l imina te s   t he   p rob lem-caus ing   f ea tu re s   o f   t he   pas t .   The   key   e l emen t s   o f   t he  
approach are:  ( 1 )   t h e   r e c i p r o c a t i n g   c o m p o n e n t s   a r e   d r i v e n   d i r e c t l y   w i t h   l i n e a r  
motors ,   and ( 2 )  w h i l e  o p e r a t i n g ,  t h e r e  i s  no  contact   between  the  moving com- 
ponents   and   the   machine   hous ing   or   motor .   The   noncontac t   opera t ion   can   be  
ach ieved   by   e i the r   magne t i c   o r   gas   bea r ings   and   c l ea rance  seals.  Consequent ly ,  
two m a j o r  c o n t r a c t u a l  e f f o r t s  h a v e  b e e n  f u n d e d  - one  to  deve lop  the  magne t i c  
bea r ing  coo le r  and  the  o the r  t o  deve lop  the  gas  bea r ing  mach ine .  
To d a t e ,  t h e  P h a s e  1 design  and  component tes t  a c t i v i t i e s  f o r  b o t h  t h e  g a s  
and   magne t i c   bea r ing   coo le r s  are  c o m p l e t e .   F a b r i c a t i o n   o f   t h e   m a g n e t i c   b e a r i n g  
d e s i g n  h a s  b e g u n ,  w i t h  a s c h e d u l e d  d e l i v e r y  o f  a n  e n g i n e e r i n g  m o d e l  c o o l e r  i n  
J a n u a r y  1981. From t h i s  p o i n t  o n ,  m o s t  o f  t h e  e f f o r t  w i l l  be   concen t r a t ed   on  
t h e  m a g n e t i c  b e a r i n g  c o o l e r ,  a l t h o u g h  some component leve l  deve lopment  of  gas  
b e a r i n g s  w i l l  c o n t i n u e .  
A s chemat i c  o f  t he  Ph i l ip s  Labora to ry  magne t i c  bea r ing  coo le r  is shown i n  
F i g u r e  4 .  T h e  p i s t o n  a n d  t h e  d i s p l a c e r  are s i n u s o i d a l l y  o s c i l l a t e d  by t h e  
l i nea r   mo to r s   shown .   These   r ec ip roca t ing   e l emen t s  are a c c u r a t e l y  p o s i t i o n e d  i n  
t h e i r  r e s p e c t i v e  c y l i n d e r s  u s i n g  a c t i v e  m a g n e t i c  b e a r i n g s .  These b e a r i n g s  
e m p l o y  e d d y  c u r r e n t  s e n s o r s  t o  m o n i t o r  t h e  g a p  a t  two p o s i t i o n s ,  90° a p a r t ,  
a r o u n d   t h e   c y l i n d e r   c i r c u m f e r e n c e .   T h e   s i g n a l s  are  u s e d  t o  a d j u s t  t h e  c u r r e n t s  
i n   t h e   f o u r   c i r c u m f e r e n t i a l   e l e c t r o - m a g n e t s .   T h e   c e n t e r i n g   a c c u r a c y   o f   t h e s e  
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b e a r i n g s  is  b e t t e r  t h a n  0.025 mm ( 0 . 1  m i l )  a n d  t h e y  p e r m i t  t h e  e f f i c i e n t  u s e  
o f  p i s t o n  a n d  d i s p l a c e r  c l e a r a n c e  seals which are a n  o r d e r  o f  m a g n i t u d e  l a r g e r .  
M a g n e t i c  b e a r i n g s  s u p p o r t  t h e  p i s t . o n  o n  e a c h  s i d e  of t h e  p i s t o n  m o t o r .  I n  t h i s  
m a n n e r ,  t h e y  e q u a l l y  s h a r e  a n y  r a d i a l  i n s t a b i l i t y  f o r c e  d e v e l o p e d  b y  t h e  m o t o r .  
A moving magnet  motor  design,  as opposed t o  a moving c o i l ,  p r o v i d e s  h i g h  
r e l i a b i l i t y  w i t h o u t  f l e x i n g  l e a d s .  T h e  m o t o r  c o i l s  are h e r m e t i c a l l y  s e a l e d  i n  
metal c a n s  t o  e l i m i n a t e  o u t g a s s i n g  p r o d u c t s  w h i c h  c a n  a f f e c t  l o n g - t e r m  c o o l e r  
s t a b i l i t y .  
The room t e m p e r a t u r e  p o r t i o n  of t h e  d i s p l a c e r  is guided by two magnet ic  
bea r ings .   These   bea r ings  are l o c a t e d  a t  t h e  300 K ambient   t empera ture   hea t  
exchanger as shown. I n   t h e   e n g i n e e r i n g   m o d e l   c o o l e r ,   t h e   d i s p l a c e r  is d r i v e n  
i n  b o t h  d i r e c t i o n s  a n d  a r e s t o r i n g  s p r i n g  i s  not   employed.  A p e n a l t y  i n  d r i v e  
power w i l l  b e  p a i d  f o r  t h e  s i m p l i c i t y  o f  t h i s  d e s i g n .  A r e s to r ing   ' 'magne t i c  
s p r i n g "  may b e  i n c l u d e d  i n  f u t u r e  m o d e l s .  
The p i s t o n  a n d  d i s p l a c e r  a m p l i t u d e s  a n d  re la t ive  phase  are  under  c losed  
l o o p  c o n t r o l .  T h e  p e a k - t o - p e a k  a m p l i t u d e  o f  t h e  p i s t o n  i s  moni tored   us ing  two 
LVTD'S. P h a s e   c o n t r o l  is r e q u i r e d   t o   m a x i m i z e   c o o l i n g   c a p a c i t y   a n d   t h e r m a l  
s t a b i l i t y .  The   power   requi rement   for   the  5 w a t t ,  65 K P h i l i p s  c o o l e r  i s  about  
170 W and  the  machine  is about  7 0  cm l o n g .  
T h e  q u e s t  f o r  a r e l i a b l e  s p a c e b o r n e  m e c h a n i c a l  c o o l e r  h a s  b e e n  a n  
e x t r e m e l y   d i f f i c u l t   o n e .  It  is  hoped   t ha t   t he   i nnova t ive   approach   o f   t he  
Goddard Space Fl ight  Center  w i l l  r e s u l t  i n  a major  breakthrough.  
Adsorp t ion  Cooler  
A c o n c e p t  f o r  a n  a d s o r p t i o n  r e f r i g e r a t o r  t h a t  i s  be ing  developed  by  the  
Jet Propuls ion  Laboratory  (JPL) is  shown i n  F i g u r e  5. Heat i s  used t o  compress 
the   work ing   gas  by d r i v i n g  i t  from a z e o l i t e  a d s o r b e r .  T h e  g a s  i s  t h e n  d r i v e n  
t h r o u g h  a n  e x p a n s i o n  e n g i n e  o r  a J o u l e  Thomson d e v i c e  t o  p r o v i d e  t h e  c o o l i n g .  
The  downst ream sec t ion  of  the  cooler  i s  main ta ined  a t  n e a r  vacuum c o n d i t i o n s  b y  
m a i n t a i n i n g  t h e  a d s o r b e r  a t  a l o w  t e m p e r a t u r e  t h r o u g h  t h e  p a s s i v e  r a d i a t o r .  
When a l l  of t h e  w o r k i n g  f l u i d  e n d s  u p  i n  t h e  d o w n s t r e a m  a d s o r b e r ,  t h e  c y c l e  
must   be   reversed .   This  i s  accompl i shed   by   appropr i a t e ly   r eve r s ing   t he   pos i -  
t i o n s  ( i . e . ,  o p e n  to c l o s e d  a n d  v i c e  v e r s a )  of the  downstream  and  upstream 
h e a t  s w i t c h e s  a n d  valves. 
The a d s o r p t i o n  r e f r i g e r a t o r  h a s  t h e  a d v a n t a g e  o f  r e l a t i v e l y  f e w  moving 
p a r t s .   Q u e s t i o n a b l e  areas a r e  i t s  e f f i c i e n c y   a n d   n e e d   f o r  a r a d i a n t   c o o l e r .  
Work i s  progress ing  on  the  deve lopment  and  engineer ing  model  cooler  a t  JPL. 
Magnet ic   Coolers  
The concept of a c o n t i n u o u s l y  o p e r a t i n g  m a g n e t i c  c o o l e r  i s  a l s o  b e i n g  
pursued  by  JPL. W. A. S t eya r t   o f   Los   A lamos   Sc ien t i f i c   Labora to ry  (LASL) h a s  
p u b l i s h e d   r e s u l t s   o f   h i s   w o r k   ( r e f .  5) on   t he   magne t i c   coo le r .  LASL is 
p r e s e n t l y  c o o p e r a t i n g  w i t h  J P L  t o  f u r t h e r  d e f i n e  t h e  c o n c e p t .  
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T h e  m a g n e t i c  c o o l e r  c a n  o p e r a t e  w i t h  e f f i c i e n c i e s  o f  80% o f  C a r n o t ,  o r  
g r e a t e r ,  i n  t h e  t e m p e r a t u r e  r a n g e  o f  2 t o  20 K. No h i g h  p r e s s u r e  seals are 
r e q u i r e d .  Low s p e e d  o p e r a t i o n  w i t h  a minimum number  of  moving p a r t s  a p p e a r s  
possible .   However ,  a l a r g e  m a g n e t i c  f i e l d  o f  5 t o  7 Tesla is  r e q u i r e d  f o r  
e f f i c i e n t  o p e r a t i o n .  
F i g u r e  6 shows  one  proposed  system  concept .   The  magnet ic   cooler  pumps 
h e a t  f r o m  t h e  s e n s o r  l o a d  a t  2.2 K t o  a t empera tu re  o f  1 7  K. A d d i t i o n a l  
m a g n e t i c  o r  a d s o r p t i o n  c o o l e r  s t a g e s  w o u l d  t h e n  pump t h e  h e a t  t o  a tempera ture  
of 180 K where i t  w o u l d  b e  r a d i a t e d  t o  s p a c e  by a l a r g e ,  b u t  l i g h t w e i g h t ,  
r a d i a t o r .  
The   ope ra t ion   o f   t he   ro t a t ing   magne t i c   coo le r  i s  as fo l lows:   The  r i m  of 
t h e  w h e e l  is  made of   porous Gd2 (SO4) 3, 8H20, Gd2 (SO41 3, o r  Gd PO4 The 
a p p l i c a t i o n  o f  t h e  m a g n e t i c  f i e l d  t o  t h e  w h e e l  i n  t h e  small r e g i o n  shown w i l l  
p roduce   ad iaba t i c   hea t ing .   The   hea t  i s  removed  by t h e  h i g h  t e m p e r a t u r e  l o o p .  
A s  t h e  Gd moves o u t  o f  t h e  m a g n e t i c  f i e l d  i t  d r o p s  i n  t e m p e r a t u r e  (as much as 
1 4  K) d u e  t o  a d i a b a t i c  c o o l i n g .  
The r o t a t i n g  m a g n e t i c  c o o l e r  c o n s i d e r e d  b y  S t e y a r t  ( r e f .  5) a l lowed   cyc le  
times of much less t h a n  1 s e c o n d ,  t h a t  i s ,  a w h e e l  r o t a t i o n  r a t e  of 1 t o  5 
r e v o l u t i o n s   p e r   s e c o n d .   C i r c u l a t i n g   f l u i d s   f o r c e d   t h r o u g h   t h e   p o r o u s   w h e e l  
exchange  the  hea t .  
Stored Liquid Hel ium Coolers  
Liquid  helium  (He4) a t  a t m o s p h e r i c  p r e s s u r e  i s  a t  a t empera tu re  o f  
4.2K. By pumping  on t h e   l i q u i d   h e l i u m   t h e   t e m p e r a t u r e   c a n   b e   l o w e r e d   t o  
1 . 2  t o  1 . 5 R .  A t  t h e s e   t e m p e r a t u r e s ,  a l l  o t h e r   n o r m a l   s u b s t a n c e s ,   e x c e p t  
helium-3, are s o l i d s .   B e c a u s e  of t h e  l o w  l a t e n t   h e a t   o f   l i q u i d   h e l i u m ,  
h i g h  q u a l i t y  d e w a r s  o f  c r y o s t a t s  m u s t  b e  u s e d  t o  p r e v e n t  r a p i d  l o s s  o f  t h e  
l i q u i d .  
The common i s o t o p e  of  helium  (He4)  above 2.17K ( the   l ambda   po in t )  i s  a 
n o r m a l  l i q u i d  i n  a l l  r e s p e c t s .  S p e c i a l  e f f o r t  m u s t  b e  t a k e n  t o  m a i n t a i n  t h e r m a l  
contac t   be tween  the   c ryogen   and   the   hea t   load .   Approaches   inc lude   sur face  
t e n s i o n ,  p o s i t i o n  r e t e n t i o n ,  t h e r m a l l y  c o n d u c t i v e  n e t s ,  a n d  c o n t i n u o u s  accelera- 
t i o n  by r o t a t i o n  of the   dewar .  A t  temperatures   below 2.17K,  normal  helium 
(He I )  becomes a s u p e r f l u i d  (He 11) w i t h  a t h e r m a l  c o n d u c t i v i t y  a l m o s t  1000 
times t h a t  of copper a t  room t e m p e r a t u r e   a n d   a l m o s t   z e r o   v i s c o s i t y .  I t  forms 
a t h i n   f i l m   o n   e x p o s e d   s u r f a c e s .   F u r t h e r m o r e ,  i t  moves t o  t h e  w a r m e r  r e g i o n  
which i s  what  one  would  want a l i q u i d  t o  d o  i f  o n e  d e s i r e d  a n  e x t r e m e l y  u n i f o r m  
tempera ture  throughout  a la rge  volume.  
A t  p r e s e n t ,  i t  a p p e a r s  t h a t  s u p e r f l u i d  h e l i u m  h a s  many d e s i r a b l e  p r o p e r t i e s  
which make i t  t h e  p r i m e  c h o i c e  f o r  c r y o g e n i c  c o o l i n g  i n  t h e  1.5 t o  10K tempera- 
t u r e  r a n g e  i n  s y s t e m s  w i t h  h e a t  l o a d s  i n  t h e  r a n g e  o f  t e n  t o  a few hundred 
mill iwatts.  R e a s o n a b l y   s i z e d   c r y o s t a t s   c a n   p r o v i d e   c o n t i n u o u s   c o o l i n g   f o r  
i n f r a r e d  a s t r o n o m y  m i s s i o n s  f o r  p e r i o d s  o f  o n e  y e a r  i n  s p a c e  w i t h  e x p e c t e d  h e a t  
l o a d s   f r o m   d e t e c t o r s   a n d   p r e a m p l i f i e r s   ( r e f .  6 ) .  With   improved   techniques   for  
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i n s t a l l i n g  m u l t i l a y e r s  of i n s u l a t i o n  a n d  new d e s i g n s  f o r  t h e  i n n e r  t a n k  
s u p p o r t s ,  o p e r a t i n g  l i f e t i m e s  w i t h  e x p e c t e d  h e a t  l o a d s  o f  u p  t o  t h r e e  y e a r s  
a p p e a r   p o s s i b l e .   C o n s i d e r a t i o n  i s  b e i n g  g i v e n  t o  new d e s i g n s  f o r  f i b e r g l a s s  
t a n k   s u p p o r t s .  Retractable s u p p o r t s  are a l s o   b e i n g   c o n s i d e r e d .  However, 
p r a c t i c a l  m e t h o d s  are n e e d e d  t o  " f i l l "  t h e  h o l e  i n  t h e  s u p e r  i n s u l a t i o n  b l a n k e t  
when t h e  t a n k  s u p p o r t s  are  re t rac ted .   Guarded   sys tems  us ing   low- tempera ture  
so l id-cryogen  (e .g . ,  hydrogen)  or  a m e c h a n i c a l  c o o l e r  t o  c o o l  t h e  o u t e r  metal 
s h i e l d  a re  a n o t h e r  a p p r o a c h  t o  a c h i v i n g  a 3 t o  5 y e a r  l i f e  c o o l e r .  
Helium-3 Coolers 
The a v a i l a b i l i t y  of q u a n t i t i e s  o f  t h e  p u r e  i s o t o p e  h e l i u m - 3  (He ) i n  t h e  
l a t e  1950 t i m e  p e r i o d  l e d  t o  i ts  widesp read  use  as  a means of  achieving lower 
t empera tu res .   Th i s  is b e c a u s e   t h e   v a p o r   p r e s s u r e   o f   t h i s   i s o t o p e  is  much 
h i g h e r  a t  a g iven  t empera tu re  than  tha t  o f  he l ium-4  (He 4 ) .  For example, a t  lK, 
l i q u i d  H e 3  ( n o r m a l  b o i l i n g  p o i n t  3 .2K)  h a s  a s a t u r a t e d  v a p o r  p r e s s u r e  80 times 
l a r g e r  t h a n  H e  4 . By a p p r o p r i a t e l y  pumping  on He3 ,  t e m p e r a t u r e s  of about  0.3K 
c a n  b e  a t t a i n e d .  
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Ames Research Center  is  p u r s u i n g  R&T e f f o r t s  o n  H e 3  c o o l e r s  t h a t  c a n  
o p e r a t e   i n   z e r o - g .   B e c a u s e   o f   t h e   h i g h   c o s t   o f  H e 3 ,  i t  m u s t   b e   u s e d   i n  a 
c l o s e d - c y c l e  mode. S p e c i a l   t e c h n i q u e s   m u s t   b e   e m p l o y e d   t o   c o n t r o l   t h e   l o c a t i o n  
of t h e  l i q u i d  a n d  t o  m a i n t a i n  t h e r m a l  c o n t a c t  w i t h  t h e  s e n s o r  o r  p a r t s  t o  b e  
cooled .  
F i g u r e  7 is a photograph of a n  ARC p r o t o t y p e  H e 3  c o o l e r .  The H e 3  is 
a b s o r b e d   i n  a z e o l i t e  bed as i t  evapora tes   f rom  the   copper   foam,  To r e c y c l e ,  
t h e  z e o l i t e  is h e a t e d  t o  p r e s s u r i z e  t h e  He3 vapor  and  the  copper  foam i s  cooled  
t o  l i q u i d  h e l i u m  (He4) t e m p e r a t u r e s  ( p r o b a b l y  s u p e r f l u i d  h e l i u m  a t  less t h a n  
2K t e m p e r a t u r e ) .  The He3 i s  then   condensed   on to / in to   the   copper   foam.   I f  
con t inuous  o r  s emi -con t inuous  coo l ing  i s  d e s i r e d ,  m u l t i p l e  u n i t s  m i g h t  b e  
e m p l o y e d  w i t h  o n e  u n i t  b e i n g  r e c y c l e d  w h i l e  t h e  o t h e r  u n i t  i s  p r o v i d i n g  t e m -  
p e r a t u r e s  a s  low as 0.3K. 
I n i t i a l  tests have shown t h a t  t h e  u n i t  w i l l  o p e r a t e  i n  e i t h e r  a n  u p r i g h t  
o r   i n v e r t e d   ( n e g a t i v e   g )   p o s i t i o n .   O t h e r  tests w i l l  be   per formed  on   the  NASA 
Lear  Je t  and KC-135 a i r p l a n e s  w h i c h  c a n  p r o v i d e  a b o u t  3 0  s e c o n d s  o f  n e a r l y  
zero-g  environment.  
The  lower  tempera ture  provided  by  the  H e 3  c o o l e r  ( 0 . 3 K )  as compared t o  a 
s u p e r f l u i d  H e 4  c o o l e r  (1 .5K)  can  p rov ide  g rea t ly  inc reased  pe r fo rmance  fo r  
b o l o m e t e r   i n f r a r e d   d e t e c t o r s .   I n   f a c t ,   t h e   s e n s i t i v i t y   o f  a bolometer  I R  
d e t e c t o r  w i l l  i n c r e a s e  b y  a f a c t o r  of 50 i f  c o o l e d  t o  0.3K instead of  1 .5K.  
Joule-Thomson Cooler 
Another  type  of  cooler  in  which  Ames Research  Center  (ARC) and  the  Jet  
P ropu l s ion  Labora to ry  ( JPL)  have  pe r fo rmed  p re l imina ry  tests i s  t h e  J o u l e -  
Thomson expander   ( JTX) .   Fo r   t h i s   coo le r ,   t he   he l ium may be   s to red   unde r   supe r -  
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cr i t ica l  c o n d i t i o n s .   T h i s   e l i m i n a t e s   c o n s i d e r a t i o n   o f   l i q u i d l g a s   l o c a t i o n   a n d  
ma in ta in ing   t he rma l   con tac t   i n   ze ro -g .   Tempera tu res  down t o  1.4K have   been  
achieved .  
The concept  has  the advant .age of  a s i m p l i f i e d  h e l i u m  s t o r a g e  s y s t e m  a t  
pressures   between  0 .35  and  2 .07 MPa (50  and  300  psi) .  Tests r u n  o n  t h e  J T X  have 
shown s u f f i c i e n t l y  low n o i s e  levels g e n e r a t e d  b y  t h e  e x p a n s i o n  p r o c e s s  t h a t  it 
w i l l  not a f f e c t  t h e  p e r f o r m a n c e  o f  i n f r a r e d  d e t e c t o r s .  
Tests t o  d a t e  h a v e  shown t h a t  s u p e r c r i t i c a l  h e l i u m  s t o r a g e  w i t h  a JTX is  
a v i a b l e  a l t e r n a t i v e  t o  t h e  s u p e r f l u i d  h e l i u m  c o o l e r  f o r  o b t a i n i n g  t e m p e r a t u r e s  
a t  l eas t  down t o  2K w i t h  h e a t  leaks i n  t h e  t e n s  t o  f e w  h u n d r e d  mi l l iwa t t s  
range.  I t  is be ing   cons ide red  as o n e   o f   t h e   c a n d i d a t e   c o o l e r s   f o r   t h e   S h u t t l e  
I n f r a r e d   T e l e s c o p e   F a c i l i t y   ( S I R T F ) .   T h e   c o n c e p t   a l s o   h a s   t h e   a d v a n t a g e   t h a t  
t h e r e  is  n o  l i q u i d  s l o s h i n g  t o  a f f e c t  t e l e s c o p e  p o i n t i n g  s t a b i l i t y .  
Adiaba t ic  Demagnet iza t ion  Cooler  
The lowest  pract ical  temperature  that  can be produced by pumping on H e 3  
l i q u i d  is around  0.3K,  and,  on H e 4  l i q u i d  i s  i n   t h e   r a n g e  of  1.2K t o  1.5K. A 
t e c h n i q u e  by which temperatures  approaching a f ew mic roke lv in  has  been  ach ieved  
in  the  labora tory  depends  on  the  magneto- thermodynamic  proper t ies  of  complex  
s a l t s .  T h e  p r i n c i p l e  of o p e r a t i o n  i s  a s   f o l l o w s :   t h e   p a r a m a g n e t i c  s a l t  i s  
s u s p e n d e d   i n   l i q u i d   h e l i u m .  A m a g n e t i c   f i e l d  i s  appl ied .   The  s a l t  w i l l  
de r ive  ene rgy  f rom the  magne t i c  f i e ld  wh ich  appea r s  as hea t  and  raises t h e  
tempera ture  of t h e  s a l t .  However, t h e  s a l t  is soon  cooled down t o  t h e  l i q u i d  
he l ium  t empera tu re .   The   s a l t  i s  then   r emoved   f rom  the   l i qu id   he l ium  and   t hen  
t h e  m a g n e t i c  f i e l d  i s  removed.  The s a l t  now c o o l s  p r a c t i c a l l y  i n s t a n t a n e o u s l y  
t o  a v e r y  low tempera ture .  
The s a l t  w i l l  w a r m  up as i t  p r o v i d e s   t h e   d e s i r e d   c o o l i n g   f u n c t i o n .   T h e  
ra te  a t  which i t  w a r m s  up depends  on  the  amount  of s a l t ,  t h e  c o o l i n g  l o a d ,  a n d  
t h e   d e g r e e   o f   i s o l a t i o n   p r o v i d e d   b y   t h e   c r y o s t a t   d e s i g n .   A f t e r  a per iod   of  
t i m e ,  t he  magne t i za t ion ,  coo l ing ,  and  demagne t i za t ion  cyc le  mus t  be  r epea ted .  
Mul t ip le  uni t s  might  be  employed  whereby  one  i s  b e i n g  r e c y c l e d  w h i l e  o t h e r  
u n i t s  a r e  a c t i n g  as c o o l e r s .  
NASA Ames Research Center  i s  p e r f o r m i n g  p r e l i m i n a r y  s t u d i e s  o n  t h i s  
cool ing   concept   for   space   miss ions .   Ground-based   sys tems  have   been   used   for  a 
number  of y e a r s .  T h e  o b j e c t i v e  o f  t h e  NASA program is  t o  p r o v i d e  t h e  t e c h n o -  
l o g y  t o  a c h i e v e  a r e l i a b l e  s p a c e  q u a l i f i e d  c o o l e r .  
M i l l i k e l v i n  t e m p e r a t u r e s  may b e  n e c e s s a r y  f o r  o p e r a t i n g  Weber bar - type  
g r a v i t a t i o n a l  wave d e t e c t o r s  i n  s p a c e .  T h i s  low  temperature may p r o v i d e  t h e  
r e q u i r e d  s e n s i t i v i t y  ( h i g h  Q f o r  t h e  s i n g l e  c r y s t a l  s i l i c o n  o r  s a p p h i r e  r o d )  
a n d   s t a b i l i t y  . 
It i s  e x p e c t e d  t h a t  t h e  R&T p r o g r a m  c a n  p r o v i d e  t h e  t e c h n o l o g y  r e q u i r e d  t o  
d e s i g n  a f l i g h t  t y p e  a d i a b a t i c  d e m a g n e t i z a t i o n  c o o l e r  t o  a c h i e v e  t e m p e r a t u r e s  
of a f e w  m i l l i k e l v i n .  T h e  p a r t i c u l a r  c o o l e r  s y s t e m  c h o s e n  f o r  a g i v e n  m i s s i o n  
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w i l l  d e p e n d  o n  t h e  s i m p l i c i t y  a n d  r e l i a b i l i t y  t h a t  f u t u r e  R&T e f f o r t s  c a n  p r o -  
v i d e   f o r   e a c h  of t h e s e   s y s t e m s .   I n  a l l  cases, c o o l i n g   l o a d s   ( i n c l u d i n g   h e a t  
l e a k s )  m u s t  b e  l i m i t e d  t o  t e n s  o f  m i c r o w a t t s .  
PRESENT/FUTURE  APPLICATIONS 
T a b l e  I11 p r o v i d e s  a s e l e c t e d  l i s t i n g  o f  p o t e n t i a l  f u t u r e  NASA m i s s i o n s  
which w i l l  u s e   c r y o g e n i c   c o o l e r s .   T h e   s t a t u s  of t h e   p r o j e c t ,   t h e   t e m p e r a t u r e  
r e q u i r e d ,  a n d  t h e  p o t e n t i a l  l a u n c h  d a t e  a re  i d e n t i f i e d  f o r  each  mis s ion  
i d e n t i f i e d .  It  s h o u l d   b e  c lear  t o  t h e  r e a d e r  t h a t  c r y o g e n i c  c o o l e r s  f o r  low 
and  u l t r a - low t empera tu res  w i l l  e v e n t u a l l y  b e  i n  u s e  o n  many NASA s p a c e c r a f t .  
R&T e f f o r t s  t o  e i t h e r  o b t a i n  o r  i m p r o v e  t h e  r e q u i r e d  t e c h n o l o g y  f o r  t h e  s y s t e m  
des ign   obv ious ly   have   h igh   p r io r i ty .   Grea t ly   improved   da t a   w i th   i nc reased  
a c c u r a c y   a n d   r e s o l u t i o n   c o u l d   b e   o b t a i n e d   w i t h  new sensors .   However ,   these  
s e n s o r s  m u s t  b e  c o o l e d  t o  t h e  t e m p e r a t u r e s  as i n d i c a t e d  o n  T a b l e  111. 
CONCLUSION 
An overview of t h e  NASAIOAST Low and Ultra-Low Temperature Cooler Research 
and  Technology  Program  has   been  presented.  I ts  purpose   has   been  t o  a c q u a i n t  
t h e  r e a d e r  w i t h  t h e  f u t u r e  r e q u i r e m e n t s  f o r  c o o l e r s ,  t h e  p r e s e n t  s t a t u s  o f  
t echno logy ,  and  the  a c t i v i t i e s  i n  p r o g r e s s  t o  p r o v i d e  new t e c h n o l o g y  t o  meet 
t h e  r e q u i r e m e n t s  o f  c o o l e r s  f o r  f u t u r e  m i s s i o n s .  
The areas of emphasis i n  a Research  and  Technology ef for t  w i l l  n a t u r a l l y  
change a s  requi rements  evolve  and  as r e s u l t s  f r o m  t h e  i n v e s t i g a t i o n s  become 
a v a i l a b l e .   T h u s ,   t h i s   p a p e r   s h o u l d   b e   c o n s i d e r e d  a s t a t u s  r e p o r t  of p r e s e n t  
a c t i v i t i e s .  
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I1 Ill " 
TABLE I.- GENE- N A S A   M I S S I O N  CATEGORIES REQUIRING LOW AND ULTRA-LOW 
TEMPERATURE  COOLERS 
DISCIPLINE 
APPLICATIONS  MISSIONS (WEATHER, 
EARTH RESOURCES, POLLUTION 
MONITORING, ETC.) 
HIGH ENERGY AND  GAMMA-RAY, 
ASTRONOMY 
INFRARED ASTRONOMY 
RELATIVITY MISSIONS 
SUPERCONDUCTING DEVICES 
BASIC RESEARCH  EXPERIMENTS 
APPROXIMATE 
TEMPERATURE RANGE 
(KELVIN) 
10-100 
4-100 
0.3-10 
0.001-1.5 
1-15 
1.10 
APPROXIMATE RANGE OF 
REFRIGERATION 
LOAD 
~ 
MILLIWATTS TO 10 WATTS 
MILLIWATTS TO 10 WATTS 
MICROWATTS TO 100 
MILLIWATTS 
MICROWATTS TO MILLI- 
WATTS 
WIDE RANGE 
<lo0 MILLIWATTS 
TABLE 11.- LOW AND ULTRA-LOW TEMPERATURE SPAm COOLING  TECHNIQUES 
COOLING TECHNIQUE 
RADIANT COOLERS 
STORED SOLID  CRYOGEN 
COOLERS 
MECHANICAL COOLERS 
ADSORPTION COOLERS 
MAGNETIC COOLERS 
STORED LIQUID HELIUM 
COOLERS 
He3 COOLERS 
ADIABATIC  DEMAGNETIZATION 
COOLER 
APPROXIMATE PRACTICAL* 
TEMPERATURE RANGE 
(OK) 
70-100 
10-90 
4-1 00 
0.2-1 00 
0.2-100 
1.5-5.2 
0.3 
0.001-0.3 
APPROXIMATE RANGE OF' 
USABLE REFRIGERATION 
LOAD FOR 1 YEAR MISSION 
0-1 00 MILLIWATTS 
0-800 MILLIWATTS 
0-1 00 WATTS 
0-10 WATTS 
0-10 WATTS 
0-100 MILLIWATTS 
0-100 MICROWATTS 
0-100 MICROWATTS 
*THESE VALUES ARE THE GOALS OF THE DESIGN CONCEPTS 
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TABLE 111.- POTENTIAL FUTURE! M I S S I O N S   R E Q U I R I N G  LOW TEMPERATURE  COOLERS 
A. 
Mission -
Infrared  Astronomy  Missions 
1) Infrared Astronomy Satellite 
2) Shuttle Infrared Telescope Facility 
3) Small Infrared Telescope 
4) Cosmic Background Explorer 
5) Outer Planets Radiometry 
B. Atmospheric  Physics 
1) Cryogenic Limb Scanning 
Interferometer  Radiometer  (CLIR) 
2) Upper Atmosphere Research Satellite 
3) Laser  Heterodyne  Spectrometer 
C. Relativitv  Missions 
1) Gyroscope Test of General Relativity 
2) Gravitational Wave Detection 
U. ParticlelGamma Ray Astronomy Missions 
1) Gamma Ray Observatory 
2) Broadband  X-ray  Experiment 
3) Cosmic Ray Experiment 
Status -
Approved Project 
Study & R&D 
Approved-Spacelab 
Study 
Concept 
Study 
Study 
Study-Spacelab 
Pre-Project R&D 
Concept 
Study 
Approved 
Study-shuttle 
Temperature 
Required  Potential 
(OK) Launch Date 
3 1981 
1.8 1986 
3 1982 
1.8 1984 
1 .8 Late 1980's 
10 1985 
10 1985 
(Several Instruments) 
15 to 45 1986 
1.5 Late  1980's 
0.001 to 0.1 
80 
80 
4 
1984 
1985 
1986 
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IIIII I1II I I I I 
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Figure  1.- Solid hydrogen tes t  schematic.  
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Figure 2.- Solid cryogen cooler  (bui l t  by Lockheed Palo Alto) €or 
Limb Radiance Inversion Radiometer ( L R I R )  . 
3 . -  Cut-away Lockheed Palo Alto) .  
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65'K COLD END 
EXPANSION END MAGNETIC 
EXPANSION  VOLUME 
WASTE HEAT REJECTION 
DISPLACER L INEAR POSITION 
SENSOR (LVDT) 
I 
COMPRESSION END 
HELIUM  F ILL   AND VENT VALVE 
COMPRESSOR LINEAR MOTOR 
(MOVING  MAGNET) 
POSIT ION 
COMPRESSOR LINEAR 
POSIT ION SENSOR (LVDTI 
9 IBALANC~ DEVICE j 
I I *COUNTER  WEIGHT ON I 
I CANTILEVER  SUPPORT I 
I SPRINGS 
I 
I 
I 
I *IN-HOUSE ACTIVE 
I BALANCING  SYSTEM I 
I LINEAR  MOTOR  WITH I 
I 
I ""_""" 1 MAGNETIC BEARINGS 
Figure  4.-  S ingle  expans ion  cryogenic  cooler wi th  l i nea r  magne t i c  suspens ion .  
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COMPRESSOR ON I HEATER DESORPTION 
-SWITCHES- 
EXCHANGER 
- I EXPANS- 
REFRIGERATOR 
5 HEAT 
] P U M P  
O N  
Figure 5.-  Adsorption pump-compressor fo r  expansion refrigerator. 
Figure 6.- Concept for  spacecraf t  l o w  temperature magnetic refrigerator. 
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Figure 7. - H e 3  cooler prototype designed by Ames Research Center .  
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